Introduction. Strategies to limit excessive maternal gestational weight gain could also have positive health effects for the offspring. This study informs us on the effect of an antenatal lifestyle intervention on offspring body mass index (BMI) trajectory until age five. Material and methods. A secondary analysis of a randomized controlled trial aimed at reducing gestational weight gain, set in Ørebro, Sweden (Clinical Trials.gov Id NCT00451425). Offspring were followed with standardized measures of weight and height until age five. Mean BMI z-score and proportion (%) of over-and undernutrition (BMI zscore > AE 2 standard deviations) was compared between groups. Risk estimates for obesity at age five were analyzed in relation to maternal gestational weight gain and prepregnancy BMI as a secondary outcome. Results. We analyzed 374 children at birth and 300 at age five. No significant difference in mean BMI z-score was seen at birth (0.68 (I) vs 0.56 (C), p = 0.242) or at age five (0.34 (I) vs 0.26 (C), p = 0.510) and no significant difference in proportion of over-or undernutrition was seen. Excessive maternal gestational weight gain was an independent risk factor for offspring obesity at birth (OR = 4.51, p < 0.001) but not at age five. Maternal obesity was an independent risk factor for offspring obesity at age five (OR = 4.81, p = 0.006). Conclusions. Our composite antenatal lifestyle intervention did not significantly reduce the risk of obesity in offspring up until age five.
Introduction
The increasing prevalence of childhood obesity in developed countries is considered a major threat to future public health. Early preventive efforts are of importance as the health consequences of obesity begin already during childhood and treatment of already established obesity has shown limited effect (1) . Lifestyle behavior is influenced by an accumulation of experiences during life. A life-long approach is likely to be needed to effectively promote physical activity and to reduce the risk of obesity-related disease. Prevention of childhood obesity could potentially start by encouraging maternal physical activity before and during pregnancy and continue with appropriate levels of physical activity for the child. Besides physical activity and diet, parental body mass index (BMI),
Key Message
An antenatal lifestyle intervention that reduced maternal gestational weight gain did not affect body mass index trajectory in offspring until age five. We must still consider reducing the prevalence of prepregnancy maternal obesity as the primary means to limit obesity in offspring. environmental factors, genetics and also the intrauterine environment are considered to influence the likelihood of developing childhood obesity. Excessive maternal gestational weight gain (GWG) has been associated with significantly higher fetal birthweight and also childhood overweight/obesity in two recent meta-analyses of retrospective data (2, 3) . Whether the association is explained by direct intrauterine causal mechanisms or by environmental, lifestyle-related or genetic characteristics is unclear.
Strategies to avoid or limit excessive maternal GWG could have positive long-term health effects for the offspring. Follow up of studies of effective intervention directed at GWG could further inform us on this association. We have previously published data showing a reduction of mean GWG and short-term maternal postpartum weight retention in a randomized controlled trial testing a composite antenatal lifestyle intervention (4, 5) . In the present study, we aimed to evaluate long-term effects of the intervention on offspring BMI trajectory up until age five. As a secondary aim we analyzed risk estimates for offspring obesity at age five in relation to maternal GWG and prepregnancy BMI, independent of study group.
Material and methods
The study was performed as a secondary analysis of a randomized controlled trial. The recruitment period lasted from June 2007 until September 2009 and the follow up of offspring height and weight measures was completed in 2015. All offspring of women analyzed for GWG in the original study were included in this secondary analysis.
Mothers of the included offspring were healthy, ≥ 18 years of age and ≤ 16 weeks of pregnancy at the original inclusion. Mothers with a medical history of eating disorders or growth-restricted infant were excluded as were mothers with inadequate knowledge of Swedish, multiple pregnancies and prepregnancy BMI ≤ 19 kg/m 2 . A detailed description of the original study methods and randomization procedure has previously been published (5) . In summary, the lifestyle intervention program consisted of individual education for the pregnant women on recommendations for GWG, based on BMI category (6) . The information was given at admission to maternal care and supplemented with a personalized graph with recommended range of GWG marked. Weight was measured in a standardized manner at every antenatal visit (seven or eight visits) and the weight was marked on the personalized graph. Exercise was prescribed by the midwife in a formalized manner and the prescription was followed up and renewed by the midwife at every antenatal visit.
The study started in 2007; hence the Institute of Medicine (IOM) guidelines from 1990 were applied throughout the study (6) . As no upper limit for GWG among obese women was set by the IOM in 1990 we applied the same upper limit as for overweight women throughout the study. Standard maternity care in Sweden already includes recommendations on dietary intake during pregnancy, according to guidelines from the Swedish National Food Administration (7), so all study participants were given the same dietary advice. Women randomized to the control group were given standard maternity care. No exercise was prescribed.
The children were measured according to Swedish standards for Child Health Care services at birth, at 1, 4, 6, 8, 10, 12 and 18 months, and at 2", 3, 4 and 5 years of age. Scales were calibrated according to standard instructions and an infant scale was used up until age two and thereafter a standing pediatric scale. Small children were weighed without clothes and diapers whereas underwear was accepted when weighing the older children. Weight was registered in grams up until 9999 g and thereafter in kilograms with one decimal. Length of the children was measured in a standardized manner laying down until age two and then standing. Length was reported in centimeters with one decimal.
The mother's prepregnancy weight was defined as the first measured weight at inclusion and GWG was defined as the difference between prepregnancy weight and weight at full term pregnancy (> 37 weeks). Data on breastfeeding status were collected at the Maternal Health Care Unit at a visit < 16 weeks after delivery.
The primary objective of the study was to evaluate the effect of antenatal lifestyle intervention on offspring obesity at birth and at age five compared with standard care. Mean BMI z-score and proportion (%) of over-and undernutrition (BMI z-score > AE 2 standard deviations [SD]) in offspring was compared between groups at birth and at age five. As a secondary objective, associations between overnutrition in offspring at birth and age five, and maternal excessive GWG and prepregnancy BMI were analyzed independent of study group.
Statistical analyses
Statistical analysis according to intention to treat was performed in IBM SPSS Statistics for Windows version 22 (IBM Corp, Armonk, NY, USA). Children lost to follow up were excluded from analysis and analyzed separately in terms of possible confounding factors (Table S1 ). Chisquared test and independent samples t-test with 95% CIs were used to compare differences between the groups. Two-sided significance tests were used and a p < 0.05 was regarded as a statistically significant difference in the data. A mixed model analysis of variance was used to analyze BMI z-scores in multiple measures during the study period (0-5 years). A heterogeneous first-order autoregressive covariance structure was applied within the mixed model analysis. BMI z-scores, also called BMI SD scores were calculated using the World Health Organization Child Growth Standards as external reference (8) . Risk estimates were calculated by binary logistic regression and linear logistic regression.
The original sample size was based on the potential effect of the intervention on maternal GWG (5). To evaluate the statistical power to detect differences in our follow-up study an additional power calculation for the primary outcome, BMI z-score was performed. Given an a of 0.05, a b of 0.80, and a BMI z-score SD of 1.0, a difference between the intervention and the control group in offspring BMI z-score of 0.32 could be detected with our sample size of 300 children at the age of five.
Ethical approval
The trial was registered at ClinicalTrials.gov, ID NCT00451425 and the study was approved by the Regio- 
Results
In all, 374 children were analyzed for our outcome at birth and 300 children remained for analysis at age five. Loss to follow up was analyzed without significant differences between study groups and will be further discussed below. The flow of study participants is illustrated in Figure 1 . All women in the study group received the intended treatment and all offspring were analyzed according to maternal intention to treat.
No significant difference was detected in sex of offspring, maternal parity, age, prepregnancy BMI or prevalence of breastfeeding between study groups. Mean gestational age at birth was, however, significantly higher among offspring in the intervention group (39.7 weeks vs 39.4 weeks, p = 0.034, 95% CI: 0.02-0.50) and mean maternal GWG was significantly lower after intervention (14.19 kg vs 15.31 kg, p = 0.029) ( Table 1) .
No significant difference in mean BMI z-score was seen at birth (I = 0.68 vs C = 0.56, p = 0.242) or at age five (I = 0.34 vs C = 0.26, p = 0.510) ( Table 2) . No significant difference in the proportion (%) of over-or undernutrition (BMI z-score≥ AE 2, at birth or age five, was seen depending on study group (intervention 9% vs control 8% at birth, p = 0.699 and intervention 3% vs control 6% at age five, p = 0.221). Adjustment for potential confounding by differences in gestational age at birth was performed without significant changes in the primary outcome results. Additional measures of fetal size at birth were also analyzed and offspring to women given lifestyle intervention had higher weight as well as length at birth. When the outcome was adjusted for differences in gestational age at birth there was, however, only a significant difference in fetal length remaining. Mean BMI z-score was consistently slightly higher among offspring of women who had received antenatal lifestyle intervention (Figure 2 ). The mean difference in z-score was 0.16 (p = 0.034; 95% CI: 0.01-0.30) in a mixed model analysis of multiple measures adjusted for differences in gestational age at birth.
A GWG above IOM recommendations was a significant risk factor for offspring overnutrition (BMI z-score ≥ 2 SD) at birth (odds ratio [OR] = 4.51, p < 0.001; 95% CI: 1.95-10.44) but not at age five (Table 3) . GWG below IOM recommendations had a significant negative association with overnutrition at birth (OR = 0.89, p = 0.005; 95% CI: 0.86-0.93) but not at age five (OR = 0.76, p = 0.734; 95% CI: 0.17-3.54). Prepregnancy maternal BMI had no significant association with offspring overnutrition at birth (OR = 1.32, p = 0.570; 95% CI: 0.51-3.45) but a strong positive association with childhood overnutrition and mean BMI z-score at age five was seen independent of maternal GWG (Table 3 and Figure 3) . Offspring of women with normal prepregnancy weight had a reduced risk of obesity at age five compared with offspring of prepregnancy obese women (Table 3) .
No adverse events in terms of growth restriction were seen at any point of estimation during the study period depending on study group. No other maternal or fetal side effects associated with the lifestyle intervention were reported during or after the study. Events monitored in addition to fetal growth were intrauterine death, miscarriage, instrumental delivery, maternal bleeding and perineal tears. Adjusted for significant differences in gestational age at birth. 
Discussion
There were no significant differences in offspring mean BMI or mean BMI z-score depending on study group at birth or at age five. Nor did the proportion of offspring with obesity or undernutrition significantly differ between study groups at birth or at age five. Maternal prepregnancy obesity had a strong positive association with childhood obesity at age five independent of study group or maternal GWG. Offspring of women with excessive GWG had an increased risk of overnutrition at birth but no significantly increased risk of obesity at age five independent of study group and maternal prepregnancy BMI. Our trial was set in a routine clinical setting with a randomized controlled design, which strengthens the grade of evidence in our data. No discrimination in terms of prepregnancy maternal BMI or parity was made other than the exclusion of underweight women and the results are considered to be generalizable among offspring sharing the same characteristics. The intervention was realistic and applicable in most antenatal care settings with minimal additional funding. No recalled or self-reported measures were used and data collection was performed according to standardized routines in Swedish Child Health Care.
There was an evenly distributed loss to follow up among offspring at age five (19% vs 21%) and a missing analysis (Table S1 ) was performed. No significant difference between groups was found in relevant neonatal or maternal characteristics in offspring lost to follow up. Reasons for missing data were primarily of administrative character, with difficulties in obtaining copies of growth charts. Children had transferred to preschool care and due to moving between city areas, charts were not always available. Selective bias due to drop-out was therefore not considered likely. Our study had statistical power to detect a difference in mean BMI z-score of 0.32. Smaller differences in mean BMI z-score could be argued to be of clinical significance and still not detected in our analysis but differences in our long-term data were very small (BMI z-score 0.1) indicating that lack of power is not likely to be the reason for null results in our analysis. Our ancillary analysis of mean z-score differences, using multiple measures recorded during study period, further strengthens our conclusion by demonstrating significantly lower BMI z-scores among offspring in the control group. Higher offspring BMI, after similar maternal intervention, has not been demonstrated in other studies, so we find our result most likely to depend on chance. Future longterm follow-up studies can give additional information on this finding.
The quality of data on breastfeeding status was low and limits ancillary analysis of associations between breastfeeding status and offspring obesity. Baseline incidence of breastfeeding did not differ between groups and potential confounding of our results by this variable was not likely. Variables of interest to evaluate offspring adiposity were limited in our study. No analysis of glucose metabolism was included. Growth was only determined by measures of height and weight. The addition of circumferential measures might have added to the quality of our data and limited the major weakness of BMI, which is its inability to distinguish between elevated adiposity and elevated lean mass. Direct measures of body composition such as dual X-ray absorptiometry would also have added information to our data but were not within the scope of this study.
The "hypothesis of fetal overnutrition" suggests that increased transfer of nutrients to the fetus in women with excessive GWG may affect offspring fat tissue and deposition as well as the hypothalamic-endocrine system, which controls appetite and energy metabolism (9) (10) (11) (12) . Lifestyle intervention in pregnant women could then have the potential to modify the intrauterine environment and thereby alter future risk of obesity in the offspring. In this follow-up study of an intervention effective in limiting mean maternal GWG, as well as in other similar trials we, however, see no long-term effect on offspring BMI trajectory. A majority of similar trials include only obese or overweight women. Lifestyle intervention, even though effective in limiting GWG, has overall not been effective in reducing fetal birthweight among offspring (13, 14) . The Australian LIMIT study found no effect on body circumference, skinfold thickness measurements, percentage body fat or bio-impedance analysis of fat-free mass at birth after intervention among overweight and obese women (15) . Our long-term results are also concurrent with the Danish LiPO study where early childhood metabolic risk factors such as BMI z-score, abdominal circumference, blood pressure, fasting plasma glucose, insulin, high-density lipoprotein and triglycerides at the age of 2.8 years were unaffected by antenatal lifestyle interventions among obese women (16) . Long-term results published by Mustila et al. showed no significant reduction of the velocity of weight gain among the offspring up to 4 years of age (17) . The overall lack of association between maternal IOM adherence and offspring BMI z-score at age five in our data does propose questions as to what extent it is likely to affect childhood obesity by limiting GWG?
Several retrospective observational studies have linked excessive GWG to childhood overweight and obesity (3, 18) but prospective trials of antenatal interventions have not reported positive effects for offspring after effectively lowering GWG (13, 16) . Hence, the value for the offspring of recommendations on optimal maternal GWG based on retrospective studies could be questioned.
Possible implications of the timing of GWG and its effects on childhood adiposity were not within the scope of this study but early excessive maternal weight gain during pregnancy has been proposed to have a more severe effect than late GWG in terms of mediating offspring obesity in some studies (19) and further evaluation of the relevance of GWG timing is warranted. It has also been suggested that the lack of long-term effect of antenatal intervention is explained by the fact that metabolic alterations affect maternal-placental function already in the first trimester of pregnancy and thereby occur before the time when most intervention trials are initiated (20) .
The strongest predictive risk factor for childhood obesity at age five in our data was prepregnancy maternal obesity and our results are concurrent with a large body of evidence provided by observational studies (18) . Strategies involving multiple levels of the healthcare sector along with community participation are required to reverse the increasing trend of childhood obesity.
Preconceptional advice on the advantages of healthy weight status before pregnancy is an important piece in this strategy.
Even though published results so far are predominantly negative in terms of long-term effects on offspring by reducing GWG, the numbers of studies are still small and heterogeneous in population, outcome measure and follow-up period. There is a need to further explore the causality, underlying mechanisms and potential for prevention of childhood obesity by reducing excessive GWG. Potential benefits and harms to the offspring associated with antenatal dietary and lifestyle interventions depending on the targeted population also remain unclear.
In conclusion, our composite antenatal lifestyle intervention, which reduced maternal gestational weight gain, had no significant effect on offspring BMI at age five. Excessive GWG did not significantly increase the risk of offspring obesity at age five but maternal prepregnancy obesity did. We must still consider reducing the prevalence of preconceptional obesity among women as the primary mean to reduce risk of obesity among offspring.
